Succinylated Polyethylenimine Derivatives Greatly Enhance Polyplex Serum Stability and Gene Delivery In Vitro.
Polymeric materials provide particularly attractive scaffolds for the creation of supramolecular bioconjugates for the delivery of nucleic acids but typically lack the efficiency and biocompatibility to be clinically relevant. To address both issues, we produced zwitterion-like derivatives of polyethylenimine via succinylation of primary and secondary amines (zPEI). Polymers were generated with 9-55% of the amines modified (zPEI X, where X indicates the percentage of amines succinylated). Characterization of polymer/DNA interactions revealed that the presence of succinyl groups decreased the protonation constant of zPEI, resulting in both a decreased buffering capacity and polyplexes that dissociated in the presence of lower amounts of a competing counteranion compared to unmodified PEI. zPEI polyplexes also exhibited decreased aggregation in the presence of serum proteins. In the absence of serum, transfections with zPEI/DNA polyplexes exhibited similar or slightly improved transgene expression compared to unmodified PEI/DNA polyplexes. More importantly, zPEI 9-25 increased transgene expression up to 51-fold upon transfection in the presence of serum compared to PEI/DNA, while higher succinylation decreased gene delivery activity. Gene delivery mediated by zPEI 9/DNA polyplexes in the presence of serum was equal to or greater than unmodified PEI/DNA polyplexes in the absence of serum. The data suggest that succinylation increased gene transfection by decreasing polymer/DNA interaction strength, which may allow for more facile polyplex unpackaging, and/or increased stability of polyplex size and inhibition of aggregation in the presence of serum. However, it appears there exists a balance between the positive effects of succinylation and the need for sufficient polymer/DNA binding to condense and protect the cargo.